We describe a novel autoimmune disease characterized by severe subepidermal bullous eruption and crescentic glomerulonephritis with autoantibodies directed against the noncollagenous domain of the ␣5 and ␣6 chains of type IV collagen. Biopsy of perilesional skin revealed a subepidermal blister with marked polymorphonuclear infiltrate with linear deposits of IgA and C3. Light microscopy of a kidney biopsy specimen revealed a crescentic glomerulonephritis, and immunofluorescence microscopy showed linear basement membrane staining for IgA (3ϩ), C3 (1ϩ), and IgG (1ϩ). No electron-dense deposits were observed by transmission electron microscopy. The patient's autoantibodies reacted with normal human skin and kidney: IgA (3ϩ) and IgG (1ϩ) antibodies stained the basement membrane zones of skin, renal glomerulus, and some tubules. The identity of the target antigen was determined by immunochemical analyses of candidate antigens using the patient's autoantibodies. The patient's IgA and IgG autoantibodies reacted with a 185-to 190-kDa antigen from a human dermal extract that was distinguished from the other dermal or epidermal antigens, including the 145-to 290-kDa (type VII collagen) epidermolysis bullosa acquisita antigen, the 165-to 200-kDa ␣3 laminin mucous membrane cicatricial pemphigoid antigen, and the 230-kDa and the 180-kDa bullous pemphigoid antigens. Patient's IgA and IgG autoantibodies further reacted with the ␣5(IV) and weakly with the ␣6(IV) chains of type IV collagen by Western blot and ELISA. This report expands the repertoire of bullous skin disorders and provides an explanation for the association of anti-type IV collagen autoantibodies and glomerulonephritis with subepidermal blisters. (Lab Invest 2003, 83:605-611).
T ype IV collagen is a heterotrimeric complex of proteins composed of ␣1(IV) through ␣6(IV) subunit polypeptides (Ghohestani et al, 2001a; Prockop and Kivirikko, 1995) . The noncollagenous (NC1) domain of ␣3(IV) has been identified as the target of an autoimmune response in Goodpasture's syndrome (GP) (Saus et al, 1988) . Recently, the NC1 domain of ␣5(IV) has been characterized as the target of IgG autoantibodies in a novel autoimmune disease characterized by glomerulonephritis and subepidermal blisters (Ghohestani et al, 2000) . We now present a novel case with both skin and kidney involvement with the predominant IgA class autoantibodies to the ␣5(IV) and ␣6(IV) chains of type IV collagen. Accordingly, the presence of antibodies to the ␣5(IV) and ␣6(IV) chains of type IV collagen should be searched in sera from patients who present with subepidermal blisters and glomerulonephritis.
However, a urinalysis in September of 1997, when the patient had skin lesions, showed 2ϩ hematuria but no proteinuria. His medications included pindolol, hydrochlorothiazide, and aspirin. Physical examination revealed ill-defined erythematous macules and patches in addition to eroded papules on his anterior and posterior trunk and bilaterally on the upper and lower extremities. Additionally, he had an erosion on his left upper lip.
Biopsy of perilesional skin revealed a subepidermal blister with marked polymorphonuclear (PMN) infiltrate. Direct immunofluorescence (IF) of skin samples revealed linear deposits of IgA (3ϩ) and C3 (1ϩ) along the dermal-epidermal junction. The patient's history and physical and immunopathologic examinations were all suggestive of linear IgA bullous dermatosis (LABD), and he was placed on doxycycline (100 mg tid). In December 1999, the patient presented with erosions bilaterally on the upper and lower extremities and the tongue associated with symblepharon in both eyes. A prednisone taper beginning at 60 mg/day and azathioprine (100 mg daily) were instituted. In January 2000, the patient had new skin lesions on his hands and knees as well as significant ulcerations in his mouth, predominantly on his tongue and palate. Skin lesions healed without significant scarring. Extensive milia formation was, however, noted in healed areas. Medications included amlodipine (10 mg po qd), doxycycline (100 mg po tid), prednisone (20 mg po qd), and citalopram hydrobromide (20 mg po qd).
Laboratory studies revealed the following: serum creatinine 5.6 mg/dl (495 mol/L), blood urea nitrogen 122 mg/dl (43.5 mmol/L), glucose 108 mg/dl (6 mmol/ L), sodium 140 mEq/L (140 mmol/L), potassium 4.3 mEq/L (4.3 mmol/dl), chloride 104 mEq/L (104 mmol/ L), bicarbonate 22 mEq/L (22 mmol/L), hemoglobin 8.0 g/dl (80 g/L), hematocrit 23.2%, platelets 213 ϫ 10 9 /L, white blood cell count 11.0 ϫ 10 9 /L, albumin 2.9 g/dl (29 g/L), and cholesterol 158 mg/dl (4.1 mmol/L). The urine dipstick revealed 3ϩ protein and 3ϩ blood, and microscopic examination of the sediment showed many red blood cells and moderate granular casts. The urine protein:creatinine ratio was 6.2. Renal ultrasound showed normal-sized kidneys without hydronephrosis. The following were either normal or negative: antinuclear antibody, hepatitis C antibody, hepatitis B surface antigen, haptoglobin, C3, C4, serum IgA, and antineutrophil cytoplasmic antibodies. An ultrasoundguided left percutaneous renal biopsy was performed. Light microscopy revealed a crescentic glomerulonephritis (Fig. 1A) . The core needle biopsy contained eight glomeruli, four with crescents and two globally sclerotic. Two nonsclerotic, crescentic glomeruli exhibited periglomerular fibrosis and were hypercellular with an increase in mesangial matrix and cells. The capillary loops were collapsed and in many cases obliterated. Trichrome stain revealed the presence of collagen in these same glomeruli, and silver stain showed reduplication of the glomerular basement membranes (GBM). Tubules were atrophic, and there was a moderate chronic interstitial inflammatory infiltrate. Intralobular arteries showed fibrous intimal thickening. IF microscopy showed linear basement membrane staining for C3 (1ϩ), IgA (3ϩ), and IgG (1ϩ). No electron-dense deposits were observed by transmission electron microscopy (Fig. 1B) . The patient was treated with pulse methylprednisolone (1000 mg iv qd ϫ 3 days) followed by oral prednisone (40 mg po qd), cyclophosphamide (150 mg po qd), and plasmapheresis. The patient's skin lesions dramatically improved after treatment. However, his course was complicated by catheter-related Staphylococcus aureus bacteremia. Despite aggressive therapy, the serum creatinine level rose to 8. 
Characterization of the Autoantibodies
Indirect IF of the patient's serum revealed binding of IgA (3ϩ) and IgG (1ϩ) antibodies along the dermalepidermal junction (Fig. 3A) , specifically on the dermal side of 1.0 M NaCl-split skin (Fig. 3B) . On normal human kidney sections, the patient's circulating IgA (3ϩ) (Fig. 3C ), and to a lesser extent IgG (1ϩ), reacted with the GBM. This reactivity was in contrast to LABD, epidermolysis bullosa acquisita (EBA), and bullous pemphigoid (BP) autoantibodies that fail to react with the GBM (Fig. 3D) .
The identity of the target antigen was determined by immunochemical analyses of candidate antigens using the patient's serum samples. The patient's IgA and IgG autoantibodies reacted with a 185-to 190-kDa antigen from a human dermal extract (Fig. 4A) , different from the other dermal antigens, including the 145-to 290-kDa (type VII collagen) EBA antigen ( Crescentic glomerulonephritis in the absence of electron-dense deposits is suggestive of an anti-glomerular basement membrane (GBM) pathology. A, Light microscopy of kidney section shows sheets of proliferating epithelial cells that fill Bowman's space. The glomerular tufts are collapsed and exhibit mesangial cell proliferation (magnification, ϫ400). B, Transmission electron microscopy reveals epithelial cells that have fused foot processes with peripheral condensation of actin. There are no electron-dense deposits. The bar represents 500 nm.
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weakly with the ␣6(IV) chains of type IV collagen by Western blot (Fig. 4C ). IgG autoantibodies from the patient serum also reacted weakly with the ␣5(IV) and ␣6(IV) chains by Western blot (data not shown).
By ELISA, the patient's serum IgA reacted with the recombinant NC1 domain of the ␣5(IV) (OD 0.58) and the ␣6(IV) (OD 0.39), among the six NC1 domains of type IV collagen (Fig. 5) . The patient's serum IgG reacted weakly with the ␣5(IV) (OD 0.29) and the ␣6(IV) (OD 0.2). An anti-␣5(IV) human serum reacted strongly with the ␣5(IV) chain (OD 0.71) by ELISA. Other sera tested, either obtained from healthy individuals or from patients with LABD, EBA, BP, or CP, did not react with the ␣1(IV) through ␣6(IV) chains of type IV collagen by ELISA (OD below 0.14) (Fig. 5) .
Discussion
We present a novel case with both skin and kidney involvement with the predominant IgA class autoantibodies to the ␣5(IV) and ␣6(IV) chains of type IV collagen. This case is distinguished from several immune-mediated diseases including lupus erythematosus, GP, IgA nephropathy, LABD, EBA, BP, CP, and pemphigus. It differs from GP because of the antigenic specificity of the autoantibodies (Salama et al, 2001) . IgG autoantibodies in GP are directed against the NC1 domain of the ␣3(IV) collagen chain (Saus et al, 1988) . Lack of mesangial deposits as determined by IF and transmission electron microscopy ruled out IgA nephropathy (Couser, 1999) . Absence of arthritis and neurologic and hematologic disorders, as well as lack of subendothelial and mesangial deposits on the kidney biopsy specimen, were all strongly suggestive against lupus erythematosus (Petri, 1998) . This case also differs from other blistering skin diseases because of the kidney involvement and antigenic specificity of the patient's autoantibod- Comparison between serum creatinine level and severity of skin lesions. Onset of the disease is associated with almost doubling the serum creatinine level to 1.9 mg/dL. Severe blister formation in January 2000 is also associated with a significant rise in serum creatinine to 5.6 mg/dL. Severity of the skin involvement is classified as none (0), mild (1), moderate (2), severe (3), and very severe (4) Immunolocalization of antigen recognized by the patient's autoantibodies by immunofluorescence (IF) microscopy on frozen skin and kidney sections. A, IF microscopy of the patient's serum revealed the predominant presence of IgA antibodies along the dermal-epidermal junction. B, IgA antibodies were primarily directed against a component of skin basement membrane zone, which lies on the dermal side of 1.0 M NaCl-split skin. The level of the split was checked to be within the lamina lucida in 1.0 M NaCl-split skin; antibodies to ␣6␤4 integrins labeled the epidermal side and anti-laminin-5 antibodies the dermal side of salt-split skin. C, The patient's IgA antibodies clearly reacted with the GBM of a normal kidney section; tubular basement membrane was weakly stained. D, An epidermolysis bullosa acquisita (EBA) serum, used as a control, failed to react with the GBM. Arrows indicate the specific IgA deposits. E ϭ epidermis; D ϭ dermis. ies. In LABD, the autoantibodies are predominantly of the IgA class, bind the epidermal side of salt-split skin, and are directed against the whole (180 and 230 kDa) or degradation fragments of BP antigens (97 and 120 kDa) (Ghohestani et al, 1997a; Zone et al, 1998) . These antigens are not expressed, however, along the GBM (Ghohestani et al, 2000) . In BP, characterized by subepidermal blisters, IgG autoantibodies are directed against the 180-and 230-kDa BP antigens (Ghohestani et al, 2001b; Stern, 2002; Yancey and Egan, 2000) . CP rarely exhibits widespread skin lesions, and if observed, they are accompanied by scarring; the antibodies in CP are targeted to the 180-kDa BP antigen, laminin-5, or an uncharacterized 168-kDa molecule (Cotell et al, 2000; Egan and Yancey, 2000) . In EBA, autoantibodies target the type VII collagen and are primarily of IgG subclass (Hallel-Halevy et al, 2001 ). In pemphigus, antibodies are directed against the desmosomal antigens and induce intraepidermal blisters (Anhalt and Diaz, 2001; Edelson, 2000) .
By IF microscopy, the patient's IgA and IgG autoantibodies reacted with the dermal side of salt-split skin, displaying similar patterns seen with sera from patients with EBA and anti-laminin-5 CP (Ghohestani et al, 1997b) ; but in contrast to those sera, the ELISA reactivity of the patient's serum with recombinant proteins corresponding to the six NC1 domains of type IV collagen chains (␣1-␣6) using anti-IgA and anti-IgG conjugates. The patient's serum contained predominantly IgA antibodies to collagen ␣5(IV) and ␣6(IV) NC1 recombinant proteins. IgG autoantibodies to ␣5(IV) and ␣6(IV) NC1 were also present but at a lower level. The positive control serum from a patient with IgG anti-␣5(IV) strongly reacted with the ␣5(IV) NC1. Sera from a healthy individual and from a patient with EBA with antibodies to type VII collagen remained nonreactive with all six NC1 domains. Cut-off values for positive samples were set at A ϭ 0·14 (dotted line).
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autoantibodies in our case stained the GBM. Anti-GBM reactivity of the patient's autoantibodies accounts for the development of glomerulonephritis as documented by light, IF, and electron microscopy of the kidney biopsy specimen.
The identity of the target antigen was established by biochemical analyses of several candidate antigens. The epithelial basement membrane is a complex structure with more than 20 identified gene products including type IV collagen (␣1, ␣2, ␣5, and ␣6 chains), the 230-kDa and the 180-kDa (type XVII collagen) BP antigens, type VII collagen, laminin-5, and the ␣6␤4 integrin (Ghohestani et al, 2001a) . Some of these components, such as the 230-kDa (Mueller et al, 1989) and the 180-kDa BP antigens (Diaz et al, 1990) , type VII collagen (Woodley et al, 1988) , laminin-5 Ghohestani et al, 1997b) , and ␤4 integrin (Bhol et al, 1996) , have been identified and characterized as the target in different forms of blistering skin diseases. Recently, collagen ␣5(IV) has been added to this list as the target of autoantibodies in patients presenting with skin blisters and glomerulonephritis (Ghohestani et al, 2000) . Our present case showed similar clinical features characterized by the presence of subepidermal blisters and glomerulonephritis. However, the autoantibodies in our case are predominantly of the IgA class and they are directed against both the ␣5(IV) and ␣6(IV) collagen chains. No IgA or IgG reactivity was observed against other components of the epithelial basement membrane. These findings suggest the presence of a novel subtype of anti-type IV collagen autoimmune disease with predominant involvement of IgA autoantibodies. It should be noted that a variant of GP, characterized by the presence of IgA anti-GBM autoantibodies, has been described (Lee and Marks, 1999) . Autoantibodies in these patients were, however, directed against the collagen ␣3(IV) chain without any skin involvement (Fervenza et al, 1999) .
Type IV collagen molecules form a network structure primarily in the basement membranes of various tissues. To date, six genetically distinct type IV collagen polypeptide chains, ␣1(IV) through ␣6(IV), have been described (Hudson et al, 1993) . The ␣1(IV) and ␣2(IV) chains, encoded by the COL4A1 and COL4A2 genes, respectively, are ubiquitous, whereas the ␣3(IV), ␣4(IV), ␣5(IV), and ␣6(IV) chains, encoded by the COL4A3, COL4A4, COL4A5, and COL4A6 genes, respectively, are present in a restricted tissue distribution. The ␣5(IV) and ␣6(IV) chains are both present at the dermal-epidermal junction, whereas the ␣3(IV), ␣4(IV), and ␣5(IV) chains are expressed along the GBM (Boutaud et al, 2000; Ghohestani et al, 2000) .
The erythematous base of the cutaneous lesions and the marked PMN cell infiltrates observed in the perilesional biopsy specimen from our case suggested an important role for PMNs in skin BMZ disruption, as has already been demonstrated in BP (Delaporte et al, 1996; Liu et al, 1997) . PMNs could play a crucial role in the dermal-epidermal separation through the release of their enzymatic mediators (Delaporte et al, 1996) . Accordingly, this could explain the absence of major skin lesions in X-linked Alport syndrome, with mutations in COL4A5 (Dagher et al, 2001 ). The features of Alport syndrome reflect derangement of basement membrane structure and function resulting from changes in type IV collagen expression (Kashtan, 1999) . The primary pathologic event seems to be the loss of a type IV collagen network composed of the ␣3(IV), ␣4(IV), and ␣5(IV) chains from the GBM. Although this network is not critical for normal glomerulogenesis, its absence seems to provoke the overexpression of other extracellular matrix proteins, such as the ␣1(IV) and ␣2(IV) collagen chains leading to glomerulosclerosis (Kashtan, 1999) . In skin, the absence of ␣5(IV) and ␣6(IV) chains could be largely compensated by the classic type IV collagen molecule, [␣1(IV)] 2 ␣2(IV), stabilizing the skin BMZ, whereas the presence of autoantibodies against these proteins could lead to disruption of skin BMZ mainly through complement fixation and recruitment of inflammation cell infiltrates, followed by release and activation of proteases, as has been shown in a mouse model of BP (Liu et al, 1997) .
Antibodies to the ␣5(IV) chain have been also found in patients with Alport syndrome who received a normal kidney that expresses the wild type of the ␣5(IV) chain (Brainwood et al, 1998) . Their skin BMZ does not, however, express ␣5(IV); consequently, no blistering can be seen in these patients. Development of alloantibodies in these cases further attests to the immunogenicity of the collagen ␣5(IV) chain in humans.
Association of subepidermal blisters and glomerulopathy has been previously described (Barnadas et al, 1998; Ross and Ahmed, 1989; van Joost et al, 1986) . Most cases had IgA or IgG deposits in both the skin and glomerular BMZ (Davenport et al, 1987) . However, the antigenic specificity of the patients' autoantibodies was not determined. Some patients were also diagnosed as having an extension of GP with skin involvement (Davenport et al, 1987) . However, the skin BMZ is devoid of ␣3(IV), the GP target antigen (Ghohestani et al, 2000) . Collectively, the present data demonstrate that anti-GBM disease can be associated with skin blisters caused by circulating antibodies recognizing type IV collagen antigenic epitopes. Accordingly, the presence of antibodies to type IV collagen chains should be examined in patients who present with subepidermal blisters and glomerulonephritis.
Materials and Methods
Control sera were obtained from the following: (i) two patients with GP with IgG autoantibodies directed against the ␣3 chain of type IV collagen; (ii) one patient with antibodies to the ␣5 chain of type IV collagen (Ghohestani et al, 2000) ; (iii) two patients with EBA with circulating antibodies to the 290-kDa antigen representing type VII collagen; (iv) two BP patients with IgG antibodies to the 180-kDa and the 230-kDa BP antigens 1 and 2, respectively; (v) two patients with LABD with IgA antibodies to the 97-to 180-kDa antigen; (vi) two CP patients with circulating antibodies to the 165-to 200-kDa ␣3 chain of laminin-5; and (vii) eight unrelated healthy individuals.
The monoclonal and polyclonal antibodies used in this study were as follows: (i) a rabbit polyclonal antibody to type IV collagen purified from human placenta (Institut Pasteur de Lyon, Lyon, France); (ii) an mAb to either the ␣1(IV) or ␣3(IV) chain of type IV collagen (Wieslab, Lund, Sweden); (iii) polyclonal antibodies specific for the ␣5(IV) and ␣6(IV) chains of type IV collagen raised in mice in our laboratory (Dr. Ghohestani); (iv) a mouse mAb to type IV collagen (Dako SA, Trappes, France); (v) a mouse mAb to type VII collagen (Serotec, Oxford, England); (vi) a human mAb to the 230-kDa BP antigen (BP230) (Peyron et al, 1994) ; (vii) a rabbit polyclonal antibody to the immunodominant epitopes of the 180-kDa (BP180) ectodomain (R67) (Ghohestani et al, 1988) ; and (viii) a rabbit antibody to laminin-5 produced in our laboratory (Dr. Ghohestani).
Circulating anti-BMZ antibodies were detected by IF performed on 4-m cryostat sections of the following normal human tissue substrates: skin, salt-split skin, and kidney. In salt-split skin, the dermal-epidermal junction was separated by 1 M NaCl containing 50 M phenylmethylsulphonyl fluoride and 0.1 M EDTA (Ghohestani et al, 1988 . Intensity of positive reactivity by IF microscopy was rated as follows: 3ϩ, strong; 2ϩ, moderate; and 1ϩ, weak. Severity of skin lesions was rated as follows: 4ϩ, very severe, if number of blisters (x) was Ͼ41; 3ϩ, severe, if 40 Ն x Ͼ 21; 2ϩ, moderate, if 20 Ն x Ͼ 6; 1ϩ, mild, if 5 Ն x Ͼ 0; and free of lesion if x ϭ 0. This classification was made on the basis of frequency of distribution for number of blisters.
To evaluate the immunoreactivity of the patient's serum against the type IV collagen chains, we produced fusion proteins corresponding to the NC1 domains of the ␣5(IV) and ␣6(IV) chains (Ghohestani et al, 2000) . The secreted proteins carried the Flag sequence fused to the amino terminus of the full-length NC1 domains. The proteins were purified by a singleaffinity chromatographic step using anti-Flag agarose columns.
To rule out the presence of autoantibodies to skin antigens other than type IV collagen chains, we tested the patient's serum against dermal and epidermal protein lysates derived from human dermis and cultured human keratinocytes, respectively (Ghohestani et al, 2000) . Furthermore, the patient's serum samples were tested against the recombinant proteins coding for the 230-kDa and the 180-kDa (type XVII collagen) BP antigens as well as the native purified laminin-5 and type VII collagen by Western blot (Ghohestani et al, 2000; Rousselle et al, 1997) . Purified native or recombinant proteins were separated by SDS-PAGE (4 -22% acrylamide gels) under reducing conditions, transferred onto nitrocellulose membranes, and incubated with the sera at 1:100 dilution, as described elsewhere . Antibodies recognizing the protein of interest (185) (186) (187) (188) (189) (190) , blotted onto nitrocellulose membrane, were affinity purified (Ghohestani et al, 2000) . ELISA reactivity of antibodies was performed on plates coated with 1 g/well purified recombinant collagen ␣1(IV) through ␣6(IV) chains, as described (Ghohestani et al, 2000) . A cutoff value was defined as the average value ϩ3 SD of negative control sera. Each sample was run in duplicate.
